Abstract. The scale of barium sulphate (BaSO 4 ) is common scale for mineral deposit that found in the offshore oil and gas exploitation. This scale is related with precipitation and grown of mineral deposit on the pipelines surface. Therefore, it results in blockage at the pipe. This paper presents the experimental scaling of barium sulphate in the laminar flow. The barium sulphate solution was prepared by mixing an equimolar solution of barium chloride (BaCl 2 ) and sodium sulphate (Na 2 SO 4 ). The flow rate is 40 ml/min at temperature of 50 °C. The solutions added by citric acid (C 6 H 8 O 7 ) with variation concentration of 0 ppm, 5 ppm, and 10 ppm. The crystallization of barium sulphate was measured by using the conductivity meters. The barite crytals were dried and characterized by using SEM/EDX and XRD. The SEM Results show that the morphology of Barite scale was change in the presence of citric acid. The mineral of barium sulphate was pure barite based on the XRD phase analysis. The presence of citric acid clearly inhibit the crystallization of barium sulphate.
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Scaling of inorganic compounds in pipes are one of the major flow assurance concerns in offshore oil and gas production, and lead to significant reductions in productivity and increasing operating cost if the scale is allowed to form uncontrolled [1] . Barium sulphate (barite) is a known scale-producing precipitate in many industrial and oil drilling processes [2] [3] [4] . The formation of barium sulphate may follow the reaction below: Ba 2+ + SO 4 -2  BaSO 4 (1) The scale of barite cannot be removed easily by acid, because this compound is highly insoluble (solubility in water only 2 mg / liter) [5, 6] . The relative low solubility in water makes barite is easily formed in the aqueous water system, when the soluble salt exceeds the solubility limit [7] [8] [9] . Barium sulphate precipitation can also occur in the oil production from brine that becomes saturated with a material due to a change in the flowing fluid conditions within a well. Therefore, the control of barium sulphate formation has become a great concerned through a chemical additive dissolution. The use of chemical additive such citric and tartaric acids for retarding crystal growth are believed to work effectively, hence it promotes the formation of small crystals, which act as nucleation sites, but it prevents them from becoming large enough to precipitate from solution [1, 10] . The initial nucleation is led to the reduction in the super saturation of the solution quickly. Consequently, the large molecules adhere to active crystal growth planes and hinder the crystal growth in one particular direction.
This present work was undertaken to examine the barium sulphate scaling of pipes with variation of Ba 2+ concentration in solution (3000, 3500, and 4000 ppm) and laminar flow rate of 40 ml/min. Other parameters examined were temperature of 50 °C and citric acid (0, 5, and 10 ppm) as additive. The objectives of this research are to prevent and overcome the scale formation of barite in the drilling pipes, which can be subsequently applied in the industry of offshore oil and gas production. This research is expected to provide some data or information on how to setup the parameters that influence the formation of barite so that the piping system will work on higher efficiencies.
Experimental Method

Barium Sulphate Scale Formation
This study used the crystal powders of BaCl 2 (p. a.) and Na 2 SO 4 (p. a.) as the scale-forming solutions. Citric acid (C 6 H 8 O 7 ) as an additive, which was expected to inhibit scaling, was added into the solution in ppm amount. The reaction of the scaling process may follow:
The concentration of the BaCl 2 solution was determined based on the calculation of (3000 ppm, 3500 and 4000 ppm) Ba 2+ concentration in the solution. BaCl 2 solution was made by dissolving BaCl 2 crystals in distilled water at room temperature. Additionally, Na 2 SO 4 solution was prepared in the same way. The citric acid (C 6 H 8 O 7 ) crystals (5 and 10 ppm) was added in the BaCl 2 solution. The experimental rig employed in the study is shown in Figure 1 . Five liters for each of BaCl 2 and Na 2 SO 2 solutions were prepared in vessel (1) and (2) respectively. Two pumps (5) and (6) were operated to circulate the solutions into vessel (3) and (4). Both solutions were then simultaneously entered into the coupon house (7) which contained five copper coupons. Subsequently, those solutions met in the coupons (which were designed specifically for the growth of the barite scale). The conductivity of the solutions available in the coupons was continuously monitored by conductivity meter for up to two hours, i.e. until the experimental run ended. In this study, the induction time was determined by recording the conductivity of the solution coming out of coupons. Recording the conductivity of the solution was done every two minutes (the first hour) and every three minutes (the second hours). This method has been widely applied to monitor the nucleation and crystal growth of organic minerals, either in the absence or presence scale inhibitor. The end of the induction period was signed by a decrease in the value of conductivity of the solution of a sudden, it indicated that a large number of ions forming the crystals begin to leave the solution to form crystals.
At the end of the experiment, the coupons and the vessel (3 and 4) were disconnected and removed from the coupon house, followed by drying in the oven at 80 ºC for one hour. After this, the coupon was weighed (difference weight of the coupon after and before testing was the mass of the scale).
This method was applied to monitor the nucleation and crystal growth of organic minerals progressing, either in the absence or the presence of scale inhibitor. At the end of induction period, a sudden decrease in the value of conductivity of the solution was noted [11] . This phenomenon indicates that a large number of ions for forming the crystals begin to leave out from the solution.
Characterization of barium sulphate
Barium sulphate was characterized by SEM equipped by EDX and XRD. Before SEM examination, all samples were coated first by using platinum (Pt). SEM integrated with EDX was conducted to determine the morphology of crystals and the chemical elements of the scale respectively.
XRD analysis was conducted to confirm the crystalline phase of the scale formed. Scan parameters were chosen for observation to be 10-90º 2θ, 0.020 steps, 15 s/steps. Peak position and peaks intensity were identified by using the feature finder or on the screen in the software. The data obtained were compared with the ratio of PC based search data base program. Philips X'Pert Software (Philips Electronics NV) was employed to identify the crystalline phase of the sample. In this approach, the peak position was automated by using the diffraction minima in the second derivate of diffraction traces. The peak positions and heights were checked against XRD standard for barite available in the International Centre for Diffraction Data (ICDD)-PDF (powder diffraction file) database.
Results and Discussion
Induction Time
The barium sulphate formation was due to the mixing process of a solution of BaCl 2 and Na 2 SO 4 in the coupon (Figure 1 no. 7) . The solutions of BaCl 2 and Na 2 SO 4 in the coupons reacted to form the scale and then deposit to the wall of the coupon continuously for two hours of the experiment. The scale mass resulted variously depending on the variation of testing parameters. The experimental results showed that the reaction between BaCl 2 and Na 2 SO 4 solutions resulted in the decline in conductivity of the solution coming out of the coupons. The conductivity of the solution was stabil at first and then fell suddenly. induction time generated from the variation of Ba 2+ concentration in the solution and in the presence of 10 ppm additive. At the 4000 ppm of Ba 2+ concentration, the induction time of barium sulphate formation may start at around 30 minutes. The reducing Ba 2+ concentration from 4000 to 3000 ppm promoted the increasing induction time.
Effect of Ba
2+
concentration and citric acid on the mass scale produced This experiment selected five variations of the Ba 2+ concentration in the solution (3000, 3500, and 4000 ppm), and three variations of citric acid concentrations (0, 5, and 10 ppm) as an additive. Table 1 presents the variation of the research parameters and mass of the scale barium sulphate formed. It shows that more Ba 2+ concentration, the more the mass of scale produced in the piping system. In contrast, the more citric acid additive employed in the same concentration of solution, the mass of scale reduced. Obviously, the use of citric acids for inhibiting the scale formation is quite effective. The effect of barite concentration variation and mass additive citric acid to the weight of the scale mass contained in the pipe is shown in the Figure 3 . 
Characterization of the scale
Barite crystal morphology was examined by using SEM and it is given in Figure 4 . The barium sulphate crystal has a starlike crystal morphology. It also shows that the morphological change was observed in the crystal produced from concentration of solution without and with additives. In the 5
1234567890
The XRD analysis was conducted to verify the crystal phase formed by comparing the data of experiment with the data base (ICDD-PDF). XRD measurement results in the form of intensity (peak). Figure 5 provides the direct experimental evidence of phase crystals formed in the presence of citric acid 10 ppm with and no additive, which matched with PDF number of 04-012-5411 for barium sulphate (barite). In fact, the barite crystal sample is the only mineral precipitated from the solution. 
Conclusion
Experimental scaling of BaSO 4 with variations in Ba 2+ concentration (3000, 3500, and 4000 ppm), temperature of 50 0 C, a flow rate of 40 ml / and variations additive of citric acid (0, 5, and 10 ppm) were performed. The different mass of barite scale was produced as a function of Ba 2+ concentration in the solution and citric acid additives. At the time of using the citric acid, it yielded the reduction in mass of the scale. From the experimental results, it can be reported that the use of citric acid may reduce the size of the barite particles. Further research should be performed by using other additives for comparative analysis in term of mitigation strategy of scale formation. 
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